in viable myocardium, confirmed in case reports and small series using fractional flow reserve (FFR), magnetic resonance imaging (MRI) or scintigraphy. 3-5 OCT, with its high resolution, seems to be the diagnostic method of choice.
The aim of this study was therefore to analyze the angiographic characteristics and determine the relative contribution of OCT in the diagnosis and management of SRCT.
Methods

Subjects
Between March 2011 and June 2016, 33 patients were S pontaneously recanalized coronary thrombus (SRCT) has long been recognized on histopathology as being defined by multiple communicating channels divided by thin septa. 1 SRCT is difficult to diagnose in vivo. Angiographic signs (fuzzy intraluminal image without a significant stenosis) lack diagnostic specificity. High-resolution intracoronary imaging techniques such as intravascular ultrasound (IVUS) or optical coherence tomography (OCT) enable routine study of coronary artery lumen and wall. By referring to histopathology data, SRCT can be diagnosed on intracoronary imaging. 1-3 Even when not apparently obstructive, SRCT lesions may induce symptomatic ischemia sound and prior ischemia screening results were collated.
Angiography
Coronary angiography was performed following each center's standard of care in line with international guidelines. 6 Angiograms, in DICOM format, were analyzed a posteriori in the Clermont-Ferrand University Hospital Center. Images were calibrated according to catheter dimensions. Qualitative and quantitative data were assessed. Stenosis was assessed on quantitative coronary angiography (QCA) as percentage diameter, using a standard technique based on a program with an automatic detection algorithm (Centricity Cardiology, CA1000, General Electrics, USA) determining the arterial wall and lesion length. Lesion aspect was also described.
OCT OCT (or optical frequency-domain imaging, OFDI) was acquired using Saint Jude Medical (Lightlab Imaging, St. Jude Medical, Saint Paul, MN, USA) or Terumo (Lunawave ® , fastview ® , Terumo Europe, Leuven, Belgium) consoles, following the international expert consensus recruited in 15 hospitals in France in a multicenter prospective observational study entitled "Lotus Root French Registry" (31,500 angioplasties during the period of inclusion). The inclusion criterion was SRCT confirmed on OCT following ambiguity, or suspected diagnosis on angiography. Diagnostic and therapeutic management decisions were left to operator discretion.
Patient characteristics (risk factors and history), electrocardiographic signs, left ventricle (LV) function on ultra- invasive stress testing. The patient with prior CABG had not undergone stress testing.
Complementary Examinations
Mean LVEF on echocardiography was 55% (IQR, 50-60%).
Wall motion abnormality was evident in 25 patients (76%). Segmental disorder correlated strongly with the artery showing SRCT (88%; κ=0.78; P<0.001); in the 3 cases of discordance, there was significant stenosis in a different coronary vessel ( Table 1) . All of the patients who underwent stress testing (n=15, 45%) had an abnormal test result. Segmental involvement corresponded to the SRCT territory.
FFR was measured in 1 patient (FFR=0.79).
Angiography
SRCT were mainly located in the right coronary (50%) or anterior interventricular artery and its branches (41%), with circumflex network involvement in the other 9% of cases ( Table 2) . On angiography almost half the patients (44%) had a second lesion causing significant coronary stenosis (>50% diameter).
Ten of the 11 patients with prior CAD had previously undergone coronary angiography. Seven of these patients had a history of occluded artery, in all of whom SRCT was found on the same coronary. Median interval between diagnosis of occlusion and of SRCT was 14 years (IQR, 3-17 years).
Qualitatively, the lesions showed a range of characteristics: braided, with multiple linear and/or interlaced structures in 62% ( Figure 1A) ; features of coronary dissection, with a linear contrast defect, often associated with an irregular lumen edge, in 29% ( Figure 1B) ; or a veiled, hazy aspect in 6% ( Figure 1C) .
Based on quantitative analysis of the culprit stenosis on coronary angiography, the median percentage stenosis was 45% (IQR, 36-60%).
Arteries with SRCT had a median reference diameter of 3.1 mm (IQR, 2.7-3.5 mm). Median lesion length was 26.9 mm (IQR, 16.8-38 mm). Almost all lesions (91%) had Thrombolysis in Myocardial Infarction (TIMI) 3 flow. There were frequent collaterals originating adjacent to the standards. 7 Images from each center, in DICOM format, were analyzed in the Clermont-Ferrand University Hospital Core Lab, calibrated according to transverse fiber area. Lesion length was measured on longitudinal reconstruction. Lumen and vessel contours were traced manually. In the case of multiple channels, lumen area was calculated by summing the channel areas. Minimum lumen area (MLA) was determined in mm 2 after segmental analysis every mm along the lumen length. Cross-sectional area (reference lumen CSA) was calculated as the mean of the up-and down-stream lumen areas. Percentage stenosis was calculated as (1−MLA/reference lumen CSA).
Angiographic and OCT lesion analyses were in each case performed by 2 independent observers. In the case of disagreement, a third, blind, observer performed re-analysis.
Treatment Decision and Follow-up
The decision to perform stenting following OCT was made at the operator's discretion.
Patients were followed up until the end of the study. The pre-specified study endpoint consisted of major adverse cardiac and cerebral events (MACCE), a composite criterion consisting of death from cardiac causes, ischemic or hemorrhagic stroke, myocardial infarction, or need for myocardial revascularization. Death from all causes, hemorrhagic events (≥Bleeding Academic Research Consensus 2) and LV ejection fraction (LVEF) at baseline were also recorded.
Statistical Analysis
Data are reported as frequency and percentage for qualitative variables, and as median (IQR) for quantitative variables. Qualitative variables were compared pairwise on chi-squared test (or Fisher exact test as appropriate). Group means were compared on Student test for paired groups, analysis of variance for >2 groups, or KruskalWallis test for non-normal distributions. Quantitative variables were compared pairwise using Pearson (or Spearman as appropriate) correlation coefficient. Concordance between OCT and angiography was assessed on κ coefficient for qualitative, and correlation coefficient for quantitative, variables.
Results
A total of 34 SRCT were studied in 33 patients (1 patient had 2 SRCT) and the clinical characteristics are listed in Table 1 .
Three patients (9%) had a history of inflammatory illness, including 2 with HIV infection. Eleven patients had a history of prior coronary artery disease (CAD), including 7 previously treated with percutaneous coronary intervention (PCI). The median interval between ischemic event and diagnosis of SRCT was 9 years (IQR, 6-16 years).
The initial diagnosis at admission was acute coronary syndrome (ACS), n=10 (30%; n=8 with non-ST-segment elevation myocardial infarction [NSTEMI], 24%; and n=2 with STEMI, 6%); stable angina, n=11 (33%); silent ischemia, n=11 (33%); or scheduled diagnostic evaluation in a patient with prior coronary artery bypass graft (CABG), n=1 (3%). In the 2 patients with STEMI, the culprit lesion was not the recanalized coronary thrombus.
Twenty-three patients (70%) were symptomatic (angina, 36%; dyspnea, 21%; associated angina and dyspnea, 12%). Ten were asymptomatic, including 9 with positive non- 
), and lumen area in the section with maximum channel count, 3.1 mm 2 (IQR, 2.1-4.1 mm 2 ). The fiber occluded the channel it crossed in 82% of cases. Maximum channel count ranged from 3 to >10 (microchannels) according to lesion (Figure 2 ). There was a wide variety of lesion aspects (Figure 3) .
Considering the MLA and reference segment area, the median reduction in lumen area was 68.2% (range, 20-92.6%).
There was marked variation in lumen area within each lesion. This variation was typically associated with channel tortuosity within the vessel.
Angiography and OCT
There was a relatively good linear association between lesion length on angiography and OCT (r=0.80; P<0.001), with lower values on QCA as compared with OCT.
In contrast, the correlation between angiography (QCA) and OCT (area) was poor for lumen reduction (r=0.30; P=0.09). OCT values were on average significantly higher: 65.7±3.5% vs. 48±19% (P<0.001; Figure 4) .
For a stenosis threshold of 50%, 26 lesions were significant on OCT vs. 9 on angiography and, for a 70% threshold, 16 vs. 3, respectively. 7, 8 Agreement between the 2 methods was generally very poor (κ=0.15).
There was a reasonable correlation between stenosis and MLA on OCT (r=−0.69; P<0.001), compared to a poor correlation on QCA (r=−0.18; P=0.31).
Treatment and Follow-up
PCI with a drug-eluting stent (DES) was performed immediately in 91% of cases. Pre-dilatation was systematically performed and post-dilatation was performed in 9 SRCT lesions (26%). There were no cases of malapposition, under-deployment or edge dissection on post-stenting OCT in 20 cases ( Table 4) .
Three patients did not receive a stent. In 1 patient, the lesion was technically inaccessible to revascularization ( Table 4 ). The second patient was stented after confirmathrombus (73%). SRCT frequently began (82%) or ended (67%) adjacent to a coronary bifurcation.
OCT
OCT was performed without complication in all of the patients ( Table 3 ). All of the lesions could be crossed by the OCT catheter, although pre-dilation using a 1.5-mm balloon was necessary in 1 patient.
OCT also indicated smooth septae with high-luminosity signal, strong reflection and weak attenuation. Channel contours were circular. Areas most distant from the fiber showed weaker signal with lower luminosity.
On the 29 pull-backs covering the entire lesion, median lesion length was 30.5 mm (IQR, 20-38.4 mm); reference months 3 and 8 respectively, due to atherothrombotic destabilization of lesions not primarily implicated in SRCT.
The LVEF increased during follow-up (3-4%; median duration, 20.5 months; IQR, 9-33 months) although this change was not statistically significant (P=0.06).
Discussion
We present the largest cohort to date of patients with SRCT. tion of feasibility, and the third was not stented because feasibility was not confirmed. Dual antiplatelet therapy was prescribed for either 6 months or 12 months according to the clinical presentation.
The median follow-up duration was 17 months (IQR, 8-25 months) after diagnosis. One patient died from cancer 17 months after enrolment. Three patients had ACS: 1 at day 15, as a result of intra-DES thrombosis related to nonadherence to anti-platelet therapy; and 2 had NSTEMI at support the use of this method as the reference diagnostic technique for this problem. OCT is preferable to IVUS, because spatial resolution is 10-fold greater (10 μm). It can thus confirm a diagnosis of SRCT when angiography is ambiguous. 10 OCT indicated lumen reduction between 20% and 93%, but there was no clear association with stenosis severity or coronary flow. A total of 94% of lesions on OCT were potentially clinical significant (e.g., associated with symptoms of angina or dyspnea), illustrating the poor correlation between lumen area on OCT and hemodynamic impact on FFR. 12, 13 In the present series, FFR was performed only once, and confirmed hemodynamic impact despite little lumen reduction. The present discordance between lumen reduction and symptomatic impact may be due to the tortuosity of the channels. Downstream hemodynamic impact cannot be assessed from cross-sectional imaging and is probably underestimated on angiography, as seen from the symptomatic impact in the present series.
Limitations of Angiography
Most of the present patients (67%) were symptomatic (angina pectoris and/or dyspnea). Nine of the 10 asymptomatic patients were assessed on functional tests, which all proved positive, whereas angiography identified only 9 patients (30%) with >50% (30%) and 3 (10%) with >70% Using OCT, we identified 3 key characteristics: braided, pseudo-dissection and hazy or veiled aspect. 2,3,5,9,10 OCT: Diagnostic Gold-Standard Thirty-four OCT confirmed typical aspects of channels divided by thin septa, as described in the literature as "spider web", "swiss cheese", "lotus root" or "honeycomb". 3,5, 9 Smooth septa with high-luminosity signal, strong reflection and weak attenuation have been previously reported; their fibrous composition suggests an origin in previous thrombi. 1, 3 SRCT is due to old thrombus that undergoes recanalization to form several small lumens. The present analysis identified a broad range of lesion types, with variable interand intra-lesion lumen areas, varying numbers and sizes of channel, and lumen reduction that was sometimes small and other times great.
SRCT have distinct OCT characteristics that differ from those of recent fresh thrombus, which shows superficial high-intensity signal, with strong attenuation and a shadow cone. 11 Older thrombi have a similar signal to that of normal arterial wall adventitia. The pathognomonic feature is the morphology of circular channels separated by thin septa, unlike in dissection, which is characterized by true and false channels that are intraluminal and in communication.
We conclude that the typical features of SRCT on OCT stenosis. Moreover, estimated lumen reduction varied from 28% to 100% in the 15 patients with functional test, which indicated ischemia in all cases. There was thus discordance between the ischemia and the stenosis induced by the lesion on angiography. In these patients, QCA assessment of stenosis was poorly predictive of the ischemia induced by SRCT. These limitations of angiography help to explain the potential for under-diagnosis at autopsy, reinforcing the need to screen for signs of SRCT, given that diagnosis may be suspected on OCT. Pathology data reported by Friedman and Van den Bovenkamp showed that one-third of patients with thrombotic occlusion had some degree of recanalization. 14 In the present series, there were 7 cases of history of coronary occlusion on previous angiography; in the same vessel, OCT indicated SRCT, confirming the chronic progression of certain occluding thrombi toward SRCT. 5 The present data support the contention that OCTguided management of SRCT is associated with good prognosis. Treatment was mainly by stenting, precluding comparison with other therapies. Stenting is relatively simple and safe, with good immediate (satisfactory apposition) and longer term results, with 9.1% MACCE at a median 17 months' follow-up. Despite atypical morphology, this treatment option is technically feasible and associated with a low rate of failure.
PCI was performed without complication. PCI was straightforward without risk of embolization given that thrombus was established and the arteries were patent due to spontaneous recanalization.
Study Limitations
One limitation of the study was that it included only lesions that were suggestive or ambiguous on angiography. Moreover, coronary instrumentation with OCT had to be feasible. This led to a selection bias, precluding extrapolation: patients with lesions too distal or tortuous to allow the guide to be passed through the thrombus could not be included. Likewise, therapeutically, including only lesions in which the guide could be passed through the recanalized thrombus may have led to overestimation of the feasibility of stenting and of its good immediate results.
The second OCT limitation involved optic fiber passage and flush (generally 4 mL/s), liable to mechanically increase lumen area at the lesion, causing lumen reduction to be underestimated.
Given that FFR was implemented in only 1 case, the ischemic status of each lesion could not be assessed. Positive functional tests and clinical amelioration with stenting, however, point to significant impact.
A prospective study of SRCT exploring hemodynamic impact on FFR and/or functional impact on myocardial ischemia location tests could confirm the impact of SRCT.
Conclusions
The current series is the largest reported cohort of recanalized coronary thrombus confirmed on OCT. Coronary angiography implies a diagnosis based on frequently observed aspects (braided, pseudo-dissection or hazy). OCT formally confirms diagnosis, showing multiple channels separated by thin septa. It also guides treatment, which may be by adapted stenting. 
